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Philosophy statement in 2012 

How to develop the expertise to enable a program for a multi-
kiloton LArTPC : 

•  Learn as much as we can from previous work (especially ICARUS )  
•  Develop hands-on experience and our own (new) infrastructureure  
•  -     filters, cryogenics, pumps, HV feed-throughs, readout electronics 
•  Look at technical topics which may not have been fully explored previously  
•  -    material tests, in-liquid electronics, light detection 
•  Put a LArTPC in a neutrino beam to exercise a complete system 
•  -    ArgoNeuT 
•  Demonstrate good electron lifetime in an unevacuated commercial vessel 
•  -     LAPD (Liquid Argon Purity Demonstration) 

•  Expose LArTPC to a  beam of known energy and different particle types  
•  -    LArDBT (Liquid Argon Detector Beam Test) (now LArIAT) 
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Philosophy for Cryogenic Test Stands at the PAB

•  Relevant and not duplicative
–  abandoned TPC front-end readout when BNL started working on the topic 

•  Encourage close relations with University groups to use existing facilities, 
and support developments for new work
–  Indiana, M.I.T., Michigan State, Michigan, Yale ...

•  Provide facilities where we can exploit expertise at Fermilab and give other 
groups opportunities to demonstrate and develop their ideas
–  Xenon and other dopants, PMT readout via the TPC wires, light sensors,

•  Facilities designed for R & D - if appropriate may be used to develop 
equipment for a specific experiment (e.g., for prototyping)
–  ArgoNeuT electronics prototyping, DUNE light-detection system tests
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Cryogenic Test Stands at the PAB

•  Materials Test System (MTS) - Certification of detector materials 
•  TallBO cryostat - Light Detection and Production 

–  Effect of contaminants and additives (quenching, attenuation)   
–  Detector Performance (light collection, photosensors)

•  BLANCHE cryostat - High Voltage  
–  Breakdown in noble liquids (geometry, materials, purity effects)

•  ScENE cryostat – Small (transportable) TPC system 

•  (LArIAT (LArTPC in a Test Beam), and the LAPD and 35 ton systems in the 
PC-4 hall are described in other presentations. Apparatus to `grow’ Solid 
Xenon is not discussed.)
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Common Infrastructure for MTS, TallBo, BLANCHE
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•  PAB	
  staff	
  of	
  technicians	
  and	
  engineers	
  
•  Source	
  of	
  clean	
  argon	
  –	
  our	
  own	
  regenerable	
  filter	
  system	
  
•  Nitrogen	
  condensers	
  to	
  keep	
  liquid	
  indefinitely	
  
•  Cryogenics	
  Control	
  and	
  Data	
  Acquisi>on	
  System	
  (iFix	
  based)	
  
•  Analy>c	
  Equipment:	
  Water,	
  Nitrogen,	
  and	
  Oxygen	
  Monitors	
  
•  ICARUS	
  style	
  purity	
  (driL-­‐life>me)	
  monitor	
  
•  -­‐	
  HV	
  supply	
  down	
  to	
  -­‐150	
  kV	
  	
  
•  Contaminant	
  Injec>on	
  system	
  (used	
  for	
  O2,	
  Ch4,	
  N2,	
  Xe)	
  
•  Oscilloscopes	
  (developed	
  into	
  DAQ	
  by	
  M.I.T.)	
  
•  Standard	
  NIM	
  electronics	
  through	
  PREP	
  
•  Local	
  office-­‐space	
  and	
  living	
  ameni>es	
  
•  Do	
  not	
  have:	
  

•  generic	
  data	
  acquisi>on	
  for	
  detectors	
  
•  supply	
  of	
  cryogenic	
  PMTs	
  	
  
•  fine-­‐grain	
  cosmic	
  ray	
  hodoscope	
  

 

250 Titus Avenue, Warrington, PA 18976 

 

HALO-H2O 
Trace Moisture Analyzer for High Purity Gases

The HALO moisture analyzer provides users with the unmatched accuracy, reliability, speed of response and ease of operation 
that users of Tiger Optics analyzers have come to expect.  The HALO moisture analyzer features Tiger Optics’ patented Cavity 
Ring-Down Spectroscopy-based moisture sensor in a very compact and economic analyzer design.  This versatile analyzer 
allows users to measure moisture in most inert, corrosive and toxic gases with just one device.  Users also enjoy freedom from 
requirements such as periodic sensor maintenance, span calibrations, purifier replacement and pump rebuilds.  As a result, the 
HALO is ideally suited to many applications where moisture measurement is extremely critical.  These applications include fixed 
bulk gas continuous quality control, portable mobile analytical carts, process tool monitoring, air separation, gas cylinder quality 
control and many other demanding applications.       

 

                                                
 
PERFORMANCE 

 
Lowest Detection Limit*: 2 ppb  
Sensitivity*: 1 ppb  
Accuracy (greater of)*: 4% of reading or ± 1ppb   
Speed of Response (typical)*: 95% Response < 3 minutes  
Operating Range: 0-20 ppm  
Environmental Conditions: 10°C-40°C 
Storage Temperature: -10°C-50°C 

                    *Nitrogen background gas  
 

MATERIALS OF CONSTRUCTION 
 
Materials of Construction: 316L stainless steel  
   (optional Hastelloy®) 
Wetted Components: 10 Ra surface finish 
Gas Connection: 1/4″ M VCR Inlet & Outlet 
Leak Tested to: <2 X 10-8 mbar • l /sec 
 

 

ELECTRICAL 
 
Alarm Indicators: User programmable set points  
Power Requirements: 90-240 VAC, 50/60 Hz 
Power Consumption: 200 Watts max. 
Output Signals: 
• Recorder       Isolated 4-20 / 0-5VDC 
• Alarm       Form-C relay 

Communications: RS-232, Wireless (Optional) 
 User Interface: 5.6” LCD touch screen,  
  10BaseT Ethernet, RS-232 

 
 

DIMENSIONS 
 

ing (H x W Mount x D): 8.75″ x 8.5″ x 23.6″  
) 

28 pounds (12.7 kg) 

 

   (22.2cm x 21.6 x 57.2
 

eight:W   
 
 
 
 

GAS SAMPLE CONDITIONS 
psig 

cm 
s: , toxic  

e: 

 

 
Sample Inlet Pressure: 10-125 
Flow Rate:  up to 1,800 sc
Sample Gase Most inert, passive
  and corrosive gases 
Sample Line Temperatur Up to 60°C 

 

TECHNOLOGY 
 

provals: Ap CE: LVD & EMC  
 

 ,528,040 

 

Method: Cavity Ring-Down  
   Spectroscopy 

Patents: U.S. Patent # 5
  Other Patents Pending 

 

Phone: (215) 343-6600 • Fax: (215) 343-4194 

www.tigeroptics.com 



Argon	
  Source	
  &	
  Materials	
  Test	
  System
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Commercial	
  	
  
Argon	
  
~1	
  ppm	
  	
  
Oxygen,	
  
Water.	
  

Water	
  
removal	
  
filter	
  

Oxygen	
  
removal	
  
filter	
   Pure	
  

Argon	
  
	
  
	
  
<30	
  ppt	
  
O2	
  eq.	
  	
  

MTS	
  



Materials	
  Test	
  System
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Material Date test started Preparation Tests Water [ppb] Lifetime [ms] LogBook #
Cleaning Solution 6/29/09 evac. 24 h vapor/liquid 4 5 946
Vespel 7/9/09 evac. overnite liquid/vapor 5-7 2-5, 4-6 960
MasterBond glue 7/16/09 purged 18 h vapor/liquid 1.6 1.3- 2.9 974
LEDs 7/31/09 purged 38 h vapor 3.5 5 993
Carbon filter material 8/12/09 evac. 24 h liquid/vapor 2 4-9 1000
962 FeedTru Board V2 10/12/09 evac. 24 h vapor/warm 85 1-5 1062
Teflon cable 1/9/10 purged 28 h warm/liquid/vapor 8-20 2-5 1175
3M "Hans" connectors 1/29/10 purged 46 h warm/liquid/vapor 5-12 3 1198
962 capacitors 3/2/10 evac. 24 h warm/liquid/vapor 6-14 3-6 1228
962 polyolefin cable 4/12/10 evac. 16 days warm 25-60 2 1237
Rigaku feedthrough 4/20/10 purged 7.5 h warm 15 3 1250
Rogers board (Teppei) 4/23/10 purged 26 h warm/liquid/vapor 40 2, 6-10 1254
Arlon Board (Teppei) 5/14/10 evac. 0.5 h, pur.2 dayswarm/vapor 300, 80 1.3,  3.5 1263
Polyethylene tubing 5/24/10 evac. 6 h, pur. 66 h warm 300-500 1 1278
Teflon tubing 5/27/10 evac. 1 h, pur.17 h warm 9-13 4-5 1283
Jonghee board 5/28/10 evac. 6 h, pur. 1.5 h warm/vapor 100,28 1.2,  5-8 1285
Jonghee connectors 6/4/10 evac. 3.5 h, pur. 16 h warm/vapor 50 2-3 1290
PVC cable 6/14/10 evac. 29 h, pur.1 h warm 120 1-2 1296
Teppei TPB samples 8/3/10 purged 26 h warm 600-1600 0.7 1342
Teppei TPB samples 9/4/10 purged 37 h liquid /vapor 15,  300 6
PrM feed tru (baked) 10/5/10 purged 25 h warm/vapor 35,  20 3,  2 1396
Copper foil on mylar film 10/14/10 purged 26 h warm/liquid/vapor 15, 10, 9 3, 8, 7 1409
Teppei SHV connector 10/25/10 purged 25 h warm/vapor/liquid 35, 11, 0 2, 6, 6 1415
FR4 11/16/10 purged 25 h warm/liquid/vapor 180, 20, 65 1.5, 6, 2.5 1429
Gaskets 3/11/11 purged 24 h warm/liquid/vapor 8, 10 2.5, 8 , 7 1521
LBNE AP-219 Color. Developer 4/13/11 purged 25 h warm/vapor 65, 15 4, >6 1722
LBNE RPUF Foam 4/22/11 evac. 26 h, pur.1 h. warm 800 0.2 1729
LAPD LEDs 5/12/11 purged 49 h vapor 0.6 ppb 10 1769

Sample data on different materials (bad, good,OK in liquid) 

 `A system to test the effects of materials on the electron drift lifetime in liquid argon and 
observations on the effect of water’  R. Andrews et al.,  Nucl.Instrum.Meth.A608:251-258,2009.  

Materials Test System output
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Liquid Argon Setup at the PAB
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Clean Argon 
Source 

Electronics 
Test System 

Materials Test 
System 

Schematic of Materials and Light Detection Test Systems 

Light Detection 	
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uB	
  style	
  	
  
PMT	
  	
  
assembl
y	
  

Bo to TallBo for light
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Light	
  Studies	
  (M.I.T.)	
  –	
  effect	
  of	
  
Nitrogen	
  on	
  acenua>on	
  length	
  

Photo-­‐detector	
  studies	
  for	
  DUNE	
  
(Indiana	
  U.,	
  Argonne)	
  

72”	
  

Bo	
  inners	
   Tall	
  Bo	
  inners	
  



BLANCHE HV Cryostat (recent addition)
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Rogowski	
  style	
  HV	
  Probe	
  	
  



ScENE – Scintillation Efficiency of Noble Elements 
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Small	
  TPC	
  (3”	
  by	
  8”)	
  in	
  
self-­‐suppor>ng	
  system	
  
(cryocooler	
  and	
  gas	
  gecer	
  
for	
  purifica>on)	
  	
  
	
  
First	
  used	
  at	
  Notre	
  Dame	
  
to	
  measure	
  light-­‐yield	
  for	
  
nuclear	
  recoils	
  in	
  argon.	
  

ScENE	
  at	
  Notre	
  Dame	
  

72”	
  



The near-term Future
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Requests	
  for	
  use	
  and	
  sugges>ons	
  for	
  improvements	
  very	
  welcome	
  

Tall	
  Bo,	
  Blanche	
  and	
  Scene	
  have	
  users	
  for	
  the	
  next	
  few	
  months	
  but	
  we	
  
have	
  found	
  people	
  are	
  generally	
  flexible.	
  

MTS	
  is	
  generally	
  available	
  (one-­‐week	
  turn	
  around).	
  

Would	
  like	
  to	
  implement	
  improvements	
  to	
  exis>ng	
  equipment	
  in	
  
par>cular	
  to	
  install	
  moving	
  a	
  mechanism	
  in	
  TallBo	
  to	
  allow,	
  e.g.,	
  source	
  
measurements	
  at	
  different	
  posi>ons	
  along	
  a	
  light-­‐bar	
  

hcp://neutrino.fnal.gov/facili>es/userinfo/schedule.html	
  is	
  link	
  to	
  book	
  

hcp://lartpc-­‐docdb.fnal.gov	
  has	
  whole	
  history	
  –	
  and	
  real	
  drawings.	
  	
  

Can	
  always	
  contact	
  Brian	
  (brebel@fnal.gov)	
  or	
  me	
  (stephen@fnal.gov)	
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End	
  &	
  Extra	
  



Liquid	
  Argon	
  Purity	
  Demonstra>on	
  in	
  PC4	
  

30 ton 
Vessel 

Liquid Argon Purity Demonstration (LAPD) 
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Long	
  Bo	
  2	
  m	
  driL	
  
LAr	
  TPC	
  
	
  
1st	
  large	
  scale	
  
purifica>on	
  
system	
  built	
  at	
  
Fermilab	
  
	
  
LArTPC	
  used	
  in	
  
liquid	
  amplifiers	
  
giving	
  S/N	
  >	
  30	
  
	
  
1st	
  demonstra>on	
  
of	
  long	
  driL	
  in	
  a	
  
cryostat	
  which	
  
was	
  not	
  
evacuated.	
  


